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© Rigid four radii rim paper plate. 

© A pressed paper plate includes a planar cent- 
er 12 which forms a bottom for the plate and has 
an outer peripheral surface 13. An outwardly 
projecting side wall 14 includes a first rim por- 
tion 14A which is convex upward and is joined 
to the outer peripheral surface of the planar 
center, and a second rim portion 14B which is 
convex downward and is joined to the first rim 
portion. A third rim portion 16A, which is joined 
to the second rim portion of the outwardly 
projecting side wall and a fourth rim portion 
16B which is provided for forming an outer 
edge for the container, are both convex down- 
ward. The arc lengths and radii of the first, 
second, third and fourth rim portions are selec- 
ted for enhancing rigidity of the pressed paper 
plate as compared to a conventional paper- 
board container made from the same paper- 
board stock. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention is directed to a paper plate having an outwardly projecting rim formed by regions 
having four distinct radii of critically controlled configuration. 

Description of Background Art 

10 Fiberboard containers, such as paper plates and trays, are commonly produced either by molding fibers 
from a pulp slurry into a desired form of the container or by pressing a paperboard blank between forming 
dies into a desired shape. The molded pulp articles, after drying, are fairly strong and rigid but generally have 
rough surface characteristics and are not usually coated so that the containers are susceptible to penetration 
by water, oil and other liquids. Pressed paperboard containers can be decorated and coated with a liquid proof 

15 coating before being stamped by the forming dies into a desired shape. The products may be formed in many 
different shapes, for example, rectangular or polygonal as well as round and in multi-compartment configur- 
ations. 

Pressed paperboard containers tend to have a somewhat reduced strength and rigidity as compared to 
containers made by a pulp molding process. Much of the strength and resistance to bending of a plate-like 

20 container made by either process lies in the sidewall and rim areas which surround the center or bottom portion 
of the container. In a plate-like structure made by a pulp molding process, the sidewall and overturned rim of 
the plate are unitary, cohesive structures which have good resistance to bending as long as they are not dam- 
aged or split. In contradistinction thereto, when a container is made by pressing a paperboard blank, a flat blank 
must be distorted and changed in area in order to form the blank into the desired three-dimensional shape. 

25 Score lines are sometimes placed around the periphery of the blanks being formed into deep pressed products 
to allow the paperboard to form or yield at the score lines to accommodate the reduction in area that takes 
place during pressing. However, the provision of score lines, flutes or corrugations in the blank may result in 
a formed product with natural fault lines about which the product will bend more readily, under less force, than 
if the product were unflawed. Shallow containers, such as paper plates, may also be formed from paperboard 

30 blanks which are not scored or fluted. However, the pressing operation will cause wrinkles or folds to form in 
the paperboard material at the rim and sidewalls of the container at more or less random positions. The folds 
act as natural lines of weakness within the container about which bending may occur. 

In a common process for pressing paperboard containers from flat blanks, a sheet or web of paperboard 
is cut to form the blank, circular shape for a plate, and the blank is then pressed firmly between upper and 

35 lower dies which have die surfaces conforming to the desired shape of the finished container. The paperboard 
web stock is usually coated with a liquid-proof material on one surface and may also have decorative designs 
printed under the coating. The surfaces of the upper and lower dies have typically been machined such that 
when the dies begin to compress the shaped paperboard blanks between the dies, the die surfaces will be 
generally spaced uniformly apart over the entire surface area of the formed paperboard. The lower die may 

40 be spring mounted to limit the maximum force applied to the paperboard between the dies. If the spacing be- 
tween the dies is uniform, the force is distributed over the entire area of the paperboard. 

SUMMARY OF THE INVENTION 

45 The present invention provides a pressed paper plate having a planar center including an outer peripheral 
surface. The planar center forms a bottom for the pressed paper plate. An outwardly projecting sidewall in- 
cludes a first rim portion joined to the outer peripheral surface of the planar center and a second rim portion 
joined to the first rim portion. The first and second rim portions form a sidewall of the pressed paper plate. A 
third rim portion is joined to the second rim portion of the outwardly projecting sidewall and afourth rim portion 

so is provided for forming an outer edge of the container. The first rim portion is joined to the peripheral surface 
of the planar center at an angle having a first predetermined radius. The second rim portion is joined to the 
first rim portion at an angle having a second predetermined radius. The third rim portion is joined to the second 
rim portion at an angle having a third predetermined radius. The fourth rim portion is joined to the third rim 
portion at an angle having a fourth predetermined radius. The four radii as well as the four included angles 

55 are selected for enhancing rigidity of the pressed paper plate as compared to a conventional paperboard con- 
tainer made from the same paperboard stock. 

Thus, according to the present invention there is provided a pressed paper plate having a substantially 
planar center section; 
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a first rim portion outward from and joined to said substantially planar center section, said first rim por- 
tion being convex upward, subtending an arc of A1, having a radius of curvature of R1; 

a second rim portion outward from and joined to said first rim portion, said second rim portion being 
convex downward, subtending an arc of A2, having a radius of curvature of R2; 
5 a third rim portion outward from and joined to said second rim portion, said third rim portion being convex 

downward, subtending an arc of A3, having a radius of curvature of R3, and having a tangent which is sub- 
stantially parallel to the plane of said substantially planar center section, and 

a fourth rim portion outward from and joined to said third rim portion, said fourth rim portion being con- 
vex downward, subtending an arc of A4, having a radius of curvature of R4; 
10 wherein the length of the arc S2 of said second rim portion is substantially less than the length of the 

arc S4 of said fourth rim portion which in turn is less than the length of arc S1 of said first rim portion and 
wherein the radius of curvature R4 of said fourth rim portion is less than the radius of curvature R3 of said 
third rim portion which is less than 

the radius of curvature R2 of said second rim portion; and wherein the tangent of each said rim portion at its 
15 point of intersection with each adjoining rim portion is substantially equal to the tangent of said adjoining rim 

portion at the point of intersection and wherein the angle subtended by arc A1 exceeds 55°C and the angle 

subtended by arc A3 exceeds 45°C. 

Preferably the length of arc S1 is substantially equivalent to the length of arc S3 and the radius of curvature 

R1 is substantially equivalent to R3. 
20 It is further preferred that the height of the center of curvature of said first rim portion above the plane of 

said substantially planar center section is substantially equal to the distance by which the center of curvature 

of said second rim portion is below the plane of said substantially planar center section. 

It is also preferred that the horizontal displacement of the center of curvature of said second rim portion 

from the center of curvature of said first rim portion is at least about twice the radius of curvature of said first 
25 rim portion. 

It is still further preferred that the height of the center of curvature of said third rim portion above the plane 
of said substantially planar center section is less than the height of the center of curvature of said fourth rim 
portion above the plane of said substantially planar center section. 

It is also preferred that the horizontal displacement of the center of curvature of said second rim portion 
30 is located outwardly from the centers of curvature of both said third and fourth rim portions. 

It is also preferred that the height of the center of curvature of said third rim portion above the plane of 
said substantially planar center section is less than about 0.75 times the radius of curvature of said fourth rim 
portion and the height of the center of curvature of said fourth rim portion above the plane of said substantially 
planar center section is at least about 0.4 times the radius of curvature of said first rim portion. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of illustration only, and thus are not limitative of the 
40 present invention, and wherein: 

Figure 1 is a perspective view illustrating a paperboard container having a sidewall and rim configuration 
made of four radii according to the present invention; 

Figure 2 is a cross-sectional view of the paperboard container illustrated in Figure 1; 
Figure 3 is a partial cross-sectional view shown in twice the scale of a punch profile utilized in forming a 
45 paperboard container of the present invention; 

Figure 4 is a partial cross-sectional view shown in twice the scale of a die profile utilized in forming a pa- 
perboard container according to the present invention; 

Figure 5 is a cross-sectional view of a paper plate sold under the trademark "LIVING WARE;" 
Figure 6 is a cross-sectional view of a paper plate sold under the trademark "SUPERWARE;" 
so Figure 7 is a cross-sectional view of a paper plate according to the profile set forth in U.S. Patent No. 
1,575,597; 

Figure 8 is a graph illustrating the rigidity as compared to the deflection of the paper plates illustrated in 
Figures 2, 5, 6 and 7 for a fifteen mil caliper paper plate; 

Figure 9 is a graph illustrating the rigidity versus the deflection of the paper plates illustrated in Figures 
55 2, 5, 6 and 7 for a 18.2 mil caliper paper plate; and 

Figure 10 is a graph illustrating the rigidity as compared to the deflection for the paper plates illustrated 
in Figures 2, 5, 6 and 7 for a 22 mil caliper paper plate. 
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BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As illustrated in Figures 1-4, a pressed paper plate 10 includes a planar center 12 which includes an outer 
peripheral surface 13. The planar center 12 forms a bottom for the pressed paper plate 10. An outwardly pro- 

5 jecting sidewall 14 includes a first rim portion 14A which is joined to the outer peripheral surface 13 of the 
planar center 12. A second rim portion 14B is joined to the first rim portion 14A. The first rim portion 14A and 
the second rim portion 14B form the outwardly projecting sidewall 14 which forms the sidewall of the pressed 
paper plate 10. Arim 16 includes a third rim portion 16A which is joined to the second rim portion 14B of the 
outwardly projecting sidewall 14. A fourth rim portion 16B is joined to the third rim portion 16A. The fourth rim 

w portion 16B forms the outer edge of the pressed paper plate 1 0. 

Figure 3 illustrates a partial cross-sectional view shown in twice the scale of a punch 1 00 utilized in forming 
a pressed paper plate of the present invention. The punch 100 includes a center line 120. A base or bottom 
forming member 112 extends in a substantially horizontal plane to conform with the shape of the planar center 
for the pressed paper plate. A first rim portion 114Aof an outwardly projecting sidewall forming member 114 

15 extends a distance X1 from the center line 120 of the pressed paper plate to the outer peripheral surface 113. 
A distance Y1 extends from the base or bottom-forming wall 112 upwardly to define an intersection point be- 
tween the distance X1 and Y1 which is the center point for forming the first arc A1 at a radius R1 from the 
center point C1. The radius R1 extends a predetermined distance from the center point C1 to extend the dis- 
tance of the arc A1 from the portion which will define the outer peripheral surface 113 of the pressed paper 

20 plate. The arc A1 may be approximately 60°. 

A distance X2 is formed from the center line 120 of the pressed paper plate to extend outwardly a prede- 
termined distance. Adistance Y2 defines the distance between the surface of the punch 112 extending down- 
wardly a predetermined distance. A second radius R2 extends from the intersection of the lines X2 and Y2 a 
predetermined distance. A second rim portion 114B of the sidewall-forming portion 114 extends a predeter- 

25 mined arc A2 from a fixed point 114C formed by the end of the arc A1 forming the first rim portion 114Aof the 
sidewall 114. The radius R2 extends through the arc A2 to form the second rim portion 114B and terminates 
at a second fixed point 114D. The arc A2 may be in the range of approximately 4°. 

A distance X3 extends from the center line 120 to a predetermined distance therefrom. A distance Y3 is 
formed from the plane of the punch 112 to project upwardly a predetermined distance. A radius R3 extends 

30 from the intersection of the lines X3 and Y3 to form the third rim portion 116A of the rim 1 16. An arc A3 is 
formed between the second fixed point 114D to extend a predetermined distance to a third fixed point 116C. 
The arc A3 extends a predetermined distance to form the first rim portion 116Aof the rim 116. The arc A4 may 
be approximately 55°. 

A distance X4 is equal to the distance X3 and extends a predetermined distance from the center line 120. 

35 Adistance Y4 is formed to extend a predetermined distance from the base or bottom-forming member 112 of 
the punch 100. Aradius R4 extends from the intersection of the lines X4 and Y4. The radius X4 curves through 
an arc A4 to form the second rim portion 116B of the rim 116. The arc A4 extends from the third fixed point 
116C a predetermined distance defined by the length of the arc A4. The arc A4 may be approximately 60°. 
A portion 116D of the arc 1 16 is formed to extend downwardly from the second rim portion 116B. The por- 

40 tion 116D is utilized to form the edge of the paperboard container. 

Figure 4 illustrates a partial cross-sectional view shown in twice the scale of a die 200 utilized in making 
a paperboard container according to the present invention. The die 200 includes a center line 220. Abase or 
bottom-forming portion 212 extends from the center line 220 to an outer peripheral surface 213. 

From the center line 220 a predetermined distance X12 extends toward the outer peripheral surface-form- 

45 ing portion 213. A distance Y12 extends a predetermined distance from the base or bottom-forming portion 
212 upwardly therefrom. A radius R12 extends from the intersection point of the distance X12 and Y12 to form 
a first rim portion 214A of the outwardly projecting sidewall 214. The first rim portion 214A is defined by an 
arc A12 which extends from the vertical line defined at the outer peripheral surface 212 to a fixed point 214C. 
The arc A12 may be aproximately 60°. 

so A distance X22 extends from the center line 220 to a predetermined point. A distance Y22 extends from 
the base or bottom-forming portion 212 of the die 200 downwardly a predetermined distance. A radius R22 
extends from the intersection of the line X22 and Y22 to form a second rim portion 214B of the sidewall 214. 
The radius R2 extends from the first fixed point 214C to the second fixed point 214D through an arc A22. The 
arc A22 may be approximately 4°. 

55 A distance X32 extends from the center line to 220 a predetermined distance. A distance Y32 extends from 
the base or bottom-forming section 21 2 of the die 200 to project upwardly a predetermined distance. A radius 
R32 extends from the intersection of the lines X32 and Y32 to form the third rim portion 216A of the rim 216. 
The radius R32 extends from the second fixed point 21 4D to a third fixed point 21 6C. An arc A32 is formed 
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between the second fixed point 214D and the third fixed point 21 6C to extend a predetermined distance. The 
arc A32 may be approximately 55°. 

A distance X42 extends a predetermined distance from the center line 220. Similarly, a distance Y42 ex- 
tends from the base or bottom-forming section 212 of the die 200 to project outwardly. A radius R42 extends 
5 from the intersection of the lines X42 and Y42 to form a fourth rim portion 216B of the rim 21 6. An arc A42 is 
formed between the third fixed point 216C and a fourth fixed point 216E. The arc A42 may be approximately 
60°. A section 21 6D forms the outer edge of the paperboard container. 

Figures 5, 6 and 7 show cross-sectional views of paperboard containers made according to conventional 
techniques. Figure 5 illustrates a cross-sectional view of the container sold under the trademark "LIVING- 
10 WARE." This container includes a bottom wall 312 with an outer peripheral edge 31 3. The sidewall 314 extends 
upwardly at a predetermined angle from the outer peripheral edge 313. The rim 316 is curved to project out- 
wardly. The sidewall 314 and the rim 316 are formed to provide a certain rigidity to the "LIVINGWARE" con- 
tainer. 

Figure 6 illustrates a cross-sectional view of a container sold under the trademark "SUPERWARE." This 

15 container includes a base or bottom member 412 with an outer peripheral edge 413. A sidewall 414 extends 
upwardly from the outer peripheral edge 413. Arim 416 is connected to the sidewall 414 and extends outwardly. 
The sidewall 414 and the rim 416 are formed to add a certain rigidity to the "SUPERWARE" container. 

Figure 7 illustrates a cross-sectional view of a container according to the subject matter set forth in U.S. 
Patent No. 1,575,597. This container includes a base or bottom member 512 with an outer peripheral edge 

20 513. A sidewall 514 extends upwardly from the outer peripheral edge 51 3. A rim 516 is formed to be connected 
to the sidewall 514. The sidewall 514 and the rim 516 extend at approximately an angle of 10.25° relative to 
the base or bottom member 512. The sidewall 514 and the rim 516 are designed to add a rigidity to the container 
according to U.S. patent No. 1,575,597. 

Figure 8 is a graph illustrating the rigidity versus deflection of four containers made from a material having 

25 15 mil caliper. The deflection is illustrated on the X axis. The rigidity is set forth in pounds on the Y axis. The 
graph shows the deflection of the rim of the container (in inches) caused by the application of a predetermined 
force in pounds. The paperboard container according to the present invention (identified as LWARE L 060) out 
performs the "LIVING WARE" container and the container according to U.S. Patent No. 1,575,597 for all de- 
flections and loads required to generate the deflection. The paperboard container of the present invention out- 

30 performs the "SUPERWARE" container at a load of approximately 255 pounds and a deflection of approxi- 
mately 2.0 cm or 0.80 inches. 

Figure 9 illustrates a comparison of rigidity versus deflection for paperboard containers made with 18.2 
mil caliper. The paperboard container of the present invention outperforms the "LIVINGWARE" container and 
the container according to U.S. Patent No. 1 ,575,597 for all loads and all deflections. The container according 

35 to the present invention outperforms the "SUPERWARE" container for having better rigidity and deflection at 
a load of approximately 400 pounds and a deflection of approximately 2.1 cm or 0.83 inches. 

The graph illustrated in Figure 10 illustrates the load versus deflection of a rim of a paperboard container 
made of 22 mil caliper material. The paperboard container according to the present invention outperforms the 
"LIVINGWARE" container and the container according to U.S. Patent No. 1,575,597 for all loads and all de- 

40 flections. The container according to the present invention outperforms the "SUPERWARE" container at a load 
of 600 pounds and a deflection of approximately 2.1 cm or 0.83 inches. 

According to the information illustrated in Figures 8-10, the graphs demonstrate that a container made 
according to the present invention of a certain caliper material, identified as LWARE L060," will include a rim 
and sidewall which do not deflect as much under an increased load as compared to the "LIVINGWARE"con- 

45 tainer, identified as "LWARE CURRENT," and the container according to U.S. Patent No. 1 ,575,597. The con- 
tainer according to the present invention performs very well as compared to the "SUPERWARE" container, 
identified as "SWARE CURRENT." At higher loads, the container according to the present invention outper- 
forms the container sold as a "SUPERWARE" container. 

As illustrated in Figures 8-10, deflection of a pressed paper plate according to the present invention in- 

50 creases in a fairly straight-line fashion. In contradistinction thereto, the "SUPERWARE" container exhibits large 
increases in deflection for a very small increase in load. This phenomenon is especially true with loads in the 
neighborhood of 600 grams which can cause the "SUPERWARE" container to collapse, buckle or dump its 
contents on a user or on the ground. 

The data set forth in Figures 8-10 was obtained by using a reference modulus for purposes of comparing 

55 the containers built according to different designs. Actual plates may not exhibit the same magnitude of de- 
flection at a given load. However, the relative performance of the plates will be shown by the curves as set 
forth in Figures 8-10. 

The container made according to the present invention may have any particular size as desired by the 
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user so long as the relative profile dimensions are maintained. More specifically, ovals, rectangles with round- 
ed corners and other shapes may be made having this profile. In one embodiment of the present invention 
the container may be a 22.86 cm or 9-inch plate profile made with a die and punch profile coordinates as illu- 
strated in Figures 3 and 4 having the following dimensions: 



DIE PUNCH 
inches Centimeters Incfres Centimeters 



W R12 = 0.5218 
X12 - 3.0690 
Y12 = 0.5218 



1.325 
7.795 
1.323 



Rl = 0.5129 
XI = 3.0690 
Yl = 0.5299 



1.303 
7.795 
1.346 



25 



R22 


= 2.0000 


5. 


08 


X22 


= 5.2529 


13. 


342 


Y22 


= -.7391 


1. 


877 


R32 


= 0.5482 


1. 


392 


X32 


= 4.0521 


10. 


292 


Y32 


« 0.0768 


0. 


195 


R4 2 


= 0.3741 


0. 


950 


X42 


= 4.0521 


10. 


292 


Y42 


= 0.2509 


0. 


637 


A12 = 


60° 






A22 = 


• 4.1943° 






A32 = 


55.8057° 






A42- 


60.0000° 







30 



35 



R2 




2.0218 


5.135 


X2 




5.2529 


13.342 


Y2 




-.7566 


1.922 


R3 




0.5613 


1.426 


X3 




4.0521 


10.292 


Y3 




0.0747 


0.190 


R4 




0.3877 


0.985 


X4 




4.0521 


10.292 


Y4 




0.2483 


0. 631 


Al 




59.4997° 




A2 




4.1914° 




A3 




55.3083° 




A4 




59.6808° 




SI 




0.5326 




S2 




0.1479 




S3 




0.5418 




S4 




0.4038 





where S = R x A x 




The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
40 variations are not to be regarded as a departure from the spirit and scope of the invention, and all such mod- 
ifications as would be obvious to one skilled in the art are intended to be included within the scope of the fol- 
lowing claims. 



45 Claims 

1. A pressed paper plate having a substantially planar center section; 

a first rim portion outward from and joined to said substantially planar center section, said first rim 
portion being convex upward, subtending an arc of A1, having a radius of curvature of R1; 
so a second rim portion outward from and joined to said first rim portion, said second rim portion being 

convex downward, subtending an arc of A2, having a radius of curvature of R2; 

a third rim portion outward from and joined to said second rim portion, said third rim portion being 
convex downward, subtending an arc of A3, having a radius of curvature of R3, and having a tangent which 
is substantially parallel to the plane of said substantially planar center section, and 
55 a fourth rim portion outward from and joined to said third rim portion, said fourth rim portion being 

convex downward, subtending an arc of A4, having a radius of curvature of R4; wherein the length of the 
arc S2 of said second rim portion is substantially less than the length of the arc S4 of said fourth rim 
portion which in turn is less than the length of arc S1 of said first rim portion and wherein the radius of 
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curvature R4 of said fourth rim portion is less than the radius of curvature R3 of said third rim portion 
which is less than the radius of curvature R2 of said second rim portion; and wherein the tangent of each 
said rim portion at its point of intersection with each adjoining rim portion is substantially equal to the tan- 
gent of said adjoining rim portion at the point of intersection and wherein the angle subtended by arc A1 
exceeds 55°C and the angle subtended by arc A3 exceeds 45°C. 

A pressed paper plate as claimed in claim 1, wherein the length of arc S1 is substantially equivalent to 
the length of arc S3 and the radius of curvature R1 is substantially equivalent to R3. 

A pressed paper plate as claimed In claim 1 or claim 2, wherein the height of the center of curvature of 
said first rim portion above the plane of said substantially planar center section is substantially equal to 
the distance by which the center of curvature of said second rim portion is below the plane of said sub- 
stantially planar center section. 

A pressed paper plate as claimed in any one of claims 1 to 3 wherein the horizontal displacement of the 
center of curvature of said second rim portion from the center of curvature of said first rim portion is at 
least about twice the radius of curvature of said first rim portion. 

A pressed paper plate as claimed in any one of claims 1 to 4, wherein the height of the center of curvature 
of said third rim portion above the plane of said substantially planer center section is less than the height 
of the center of curvature of said fourth rim portion above the plane of said substantially planar center 
section. 

A pressed paper plate as claimed in any one of claims 1 to 5, wherein the horizontal displacement of the 
center of curvature of said second rim portion is located outwardly from the centers of curvature of both 
said third and fourth rim portions. 

A pressed paper plate as claimed in any of claims 1 to 6, wherein the height of the center of curvature of 
said third rim portion above the plane of said substantially planar center section is less than above 0.75 
times the radius of curvature of said fourth rim portion and the height of the center of curvature of said 
fourth rim portion above the plane of said substantially planar center section is at least about 0.4 times 
the radius of curvature of said first rim portion. 
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